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Electronic Structure of Ga.As* 

James R. Chelikowskyt and Marvin L. Cohen 

Department of Physics, University of California 

and 

Inorganic Materials Research Division, Lawrence Berkeley Laboratory, 

Berkeley, California 94720 

Abstract 

Using a non-local pseudopotential, including spin- · 

orbit interactions, we have calculated a band structure for 

GaAs which is in excellent agreement with electroreflectance, 

wavelength modulation, and photoemission experimental results. 

An order of magnitude in accuracy has been gained over existing 

band structures; the largest discrepancy with Schottky barrier 

electro reflectance measurements is less than 0. 08 eV. The 

conflicts presently existing in the interpretation of the E ' 
0 

reflectivity structure are resolved. 

We have calculated what we believe to be the most accurate band 

structure for GaAs l:o date. In fact, due to the extensive experimental 

studies on this compound, this band structure may be the most accurate 

band structure, ~er a large energy range, available for any material. 

The largest discrepancy between the experimental critical point energies, 

as determined by the Schottky barrier electroreflectance of Aspnes and 
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,wdYJ.d 
1 and as calculated by our non-local pesudopotential scheme is 

le;:;s tha.n 0. 08 eV. Further, we are able to achieve comparable agreement 

· .. ith the derivative reflectivity spectrum from wavelength modulation 

measurements, and the electronic density of states as measured by 

photoernission experiments. This represents nearly an order of magnitude 

improvement over previous band structure calculations. We are also 

able to confirm the existence of the critical Points of 6 symmetry appearing 

in the E ' structure, which lie about 10% of the way from r to X, in 
0 • 

a.grcement with tho proposed assignment of Aspnes and Studna. 
1 

Spin-

orbit interactions are found to be of prime importance in the formation 

of these critical points. 

The band structure was ca.lcula.ted using the Empirical Pseudopo"tential 

Method (EPM) which has been discussed extensively elsewhere. 2 Since 

this method requires experimental information as input to fix the form 

factors, the recent experimental advances in electroreflecta.nce techniques,· 

in particular those developed by Aspnes;' 3 and high resolution photo­

emi.ssion spectroscopy, 4 have proven to be quite valuable. According to 

A~:;pnes and Studna their electroreflectance measurements on GaAs have· 

resulted in an order of magnitude improvement in the resolution and 

accuracy in the determination of critical point energies as compared to 

previous spectroscopic work. 
1 

In addition, the advent of high resolution 

photo emission spectroscopy has supplied us with detailed information on 

the lowest lying valence bands in semiconductors. This information, in 

turn, ha.s indicated the necessity of non- Local corrections to the usuJ.l 
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local pseudopotential calculations. B, 6 While these corrections are not 

significant over a limited energy .range, for example, in obtaining an 

optical spectra where the top valence band and bottom conduction bands 

are :::>£ prime importance, they can be crucial in calculating a density 

of states where all the valence bands are required. It is these two 

experimental areas of advancement, then, which have made an extremely 

accurate band str1icture possible. 

In our calculation we have taken an atomic pseudopotential of 

the form, 

( 1) 

where VL(r) is the usual local pseudopotential, and 192 projects out the._ 

.£ = ~ angular momentum component. This non-local pseudopotential is 

quite similar to the one used recently by us in Ge? 
The crystal potential is then taken to be a sum of these atomic 

pseudo potentials, and the local part can be expressed in terms of symmetric 

and antisymmetric pseudopotential form factors. 2 For this calculation 

the symmetric form factors were given by Vs(3) = -0.214, Vs(8) = 0. 014, 

V3 (11) = 0. 0(1'7 Ryd., and the ant.isymmetric form factors by VA(3) = 0. 055, 

A A . . 
V ( 4) = 0. 038, V (11) = 0. 001 Ryd. The non-local well depths were 

taken to be A
2

(Ga) = 0. 25 and A2(As) = 1. 25 Ryd. The parameter R in 

(1) is not of crucial importance in determining the band structure, 6 and 

since it is computationally simpler, we have constrained it to be equal to 

the radius used in Ge 
7 

for both the Ga and As contributions.. Spin-orbit 
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interactions were included in our ca.lculation in a method similar to the 

one used by Saravia and Brust in Ge. 8 

In Table I we compare our calculated critical point energies to the 

experimental results of Schottky barrier electroreflectance, wavelength 

modulation and photoemission. We also compare our results to two of the 

n1ost accurate recent band calculations which have also included spin-orbit 

interactions. As can be noted a vast improvement over the previous 

calculations has been obtained. While the local EPM adequately gives 

the optical transitions, it yields significant errors when compared to the 

photoeinission data. Here the OPW calculation results in better values, 

but it. does not yield accurate optical transitions. Since a typical 

discrepancy between the local EPIVI or OPW theoretical resuLts and the 

experimental values is on the order of 0. 5 eV, and a typical non-local 

EPM error is on the order 0. 05 eV, we have obtained an order of 

magnitude improvement. 

Once the band structure has been obtained, the imaginary part 

of the dielectric function can be calculated, and by using the Kramers 

Kronig dispersion relations, a reflectivity obtained ... In Figure .1 the 

experimental and theoretical modulated reflectivity is given for GaAs. 

And, as can be observed, the agreement is excellent. 

Ey examining the energy gradients and dipole matrix elements 

throughout the Brillouin zone, it is possible to determine the origin of 

structure in the imaginary part of the dlelectric function. In such a manner 

we have analyzed the contributions to the E
0

' reflectivity structure. 

.· 
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This structure has been the subject of some discussion. l, 
9 

Rehn and Kyser 

using transverse electroreflectance observed only a 6 symmetry for this 

structure. 9 They attributed the structure to be derived from the pseudo-

crossing of the 6
5 

conduction bands. However, Asprtes and Studna have 

pointed out that this interpretation conflicts with band structure calculations 

where some r symmetry structure is predicted.
1 

Further, they proposed 

that the 6 symmetry structure arises from a pair of M1 critical points 

approximately 1/ lOth of the way from r to X. Our calculations agree 

with the Aspnes-Studna interpretation. We, indeed, find two M
1 

critical 

points along L.. at between 5 to 10% of the way from r to X as indicated 

in Figure 2. It is these points along with contributions from r, which 

cause the structure at 4. 5 eV (B) and 4. 7 eV (C) in our derivative 

spectrum (Fig. 1). w·e have also found that by calculating the band 

structure with and without spin-orbit interactions, that these interactions 

are crucial in altering the band shape near rand producing the critical 

points. 

Aspnes and Studna also noted the possibility of the pseudocrossing 

producing some very IJi!eak structure at 4. 4 eV in the electroreflectance 

data. 1 This also a~Jreeswith our reSLllts. The dashed line in Fig·. 2 

indica.tes an M crltical point position near the pseudocrossing. This M 
0 . 0 

critical point produces the weak structure near 4. 4 eV (A) in Fig. :L. It 

should be noted, however, that there exists a companion M critical point 
0 

due to the spin-orbit splitting of the 6
5 

valence band. Since this companion 

occurs at about 0.1 eV higher energy, it is nearly degenerate wi.th the F ' 
0 
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'· 

structure from r and 6 at 4. 5 eV. In our calculated derivalive spectrum 

it is masked bythestronger M l critical points, and this may also be the 

c:ase in the electroreflectance measurements. 
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Table Caption 

Table I. Comparison of theoretical and experimetl.tal critical point energies 

for GaAs. 

a) See Ref. 12 

b) See Ref. 13 

c) See Ref. 10 

d) See Re.L 1 

e) See Ref. 14 

f) See Ref. 15 

g) See I~ef. 11 

Figure Captions 

Fig. 1. Comparison of theoretical (solid line) and experimental (dashed 

line) modulated reflectivity for GaAs. The experimental results 

are from Ref. 10. For A, B, C, see text. 

Fig. 2. Calculated band structure for GaAs near r showing the critical 

p:Jint location for the E ' structure. Also indicated (dashed 0 . 

line) is an M critical point resulting from the pseudocrossing 
0 

of the 6
5 

conduction bands. 



T~ansition 
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Table I 

Experiment Theory 

Reflectivity Criticald Non-local Locale OPINg 
Structure Point EPM EPM 

c 4.44 

4.64c 

5.64c 

1. 52 

1. 86 

3.04 

3. 25 

4.49 

4.66 

5.01 

4.53 

4.71 

5.14 

4.94 

5.01 

5. 34. 

5.42 

Photo emission 

UPSe XPSf 

1. 51 

1. 86 

3.03 

3.25 

4.54 

4.71 

5.05 

4.54 

4.70 

5. 07 

4.92 

5.01 

5.28 

5.38 

0.8±0.2 1.4±0.3 1.31 

4.1±0.2 4.4±0.2 4.23 

6. 9±0. 2 ·7. 1±0. 2 6. 88 

10.0±0.2 10.7±0.3 9.87 

12. 9±0. 5 13. 8±0.4 12. 55 

1. 52 1. 34 

1. 87 1. 66 

2.82 2.62 

3. 05 2. 82 

4. 80 4.12 

4. 93 4. 30 

5. 28 4. 62 

4.38 

4.55 

4.88 

. 4. 40 4. 33 

4.49 4.52 

4.67 4. 58 

4. 76 4. 67 

0. 85 1. 06 

3. 35 --" 

6. 23 6. 43 

10.00 10.24 

12.10 12.44 



_.. 
_.. < 
<( r-
u z 

w 
I-
w :E 
~ ~ 

0 UJ 
w a_ 

en I >< 
<( ..... w 

0 I 
I 

~ 
I 
I 
I 

·--------
N 

-11-

-------··-·---
' 

--0~--------------J N 

3P ~ 
~p L 

I 
0 

-> 
0,) -

>­
e> 
0.:::: 
w 
z 
w 



.--
>­
.<!) 

.. ~ 
lU 

z 
LU 

2 

-12-

A r ts 
Figure~ 

'I ·.···.:· 

I 
'I .. · 

J 
I ... :-·! ·.·.: 

·'··· 
. ' . :. : -. ·. ' . ~ . ~"- ·. ' 

' ,. 

I 
I ... ·· 

I 

I 

I : . 
I 

I 

>_ •• 

:·-··. 

:;~- -~. :_ ~ ... 

. ..~~ . 

-~ .. 
~ :.: 

;. :S.-

-.,· 

· .. · { 

., ... -. 

·-: .. 
·, ' 

···-· . ;. ~- ~ . 

. ' .. ·· . ;- ~--

. ·. -· ·.··.) 

.::. :' .... . ;·_,-
. ;c.,.-. 

' ' ' 

I ~ • 

·_ , __ ... 

(0 .5 ,0 .0 ,0.0} ·. 
.. ..-· •. 



r-----------------LEGALNOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 

0 



.,.·~ .. . 

TECHNICAL INFORMATION DIVISION 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

... . .. ~~--




